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Abstract
In the DeeMe experiment, approximately 70 GHz/mm2 prompt-charged particles
will hit the multi-wire proportional chambers (MWPCs) between signal read-
out periods. To avoid the space charge effect, we developed fast HV-switching
MWPCs in order to control the gas gain dynamically. Four such MWPCs have
been manufactured. The circuit of readout amplifiers is slightly modified to fur-
ther improve the efficiency of the detector, and we also started to investigate
other possible choices of the gas mixture. In this article, the development of the
detectors and results of performance tests will be presented.
1 Introduction
The DeeMe experiment is planned to search for muon-to-electron (µ-e) conversion in the
nuclear field at J-PARC Materials and Life Science Experimental Facility (MLF) H Line (see
Fig. 1 and 2). Our goal is to reach a single event sensitivity of < 1 × 10−13 for a graphite
target or < 2×10−14 for a silicon carbide target with operating the Rapid Cycling Synchrotron
(RCS) at a power of 1 MW for 2× 107 sec/year. This will improve the sensitivity by one or
two orders of magnitude than those achieved so far.
Figure 1: Photograph
of the accelerators and
Materials and Life Sci-
ence Experimental Facil-
ity (MLF) at J-PARC.
Figure 2: Simulated secondary
beamline, H Line, in J-PARC
MLF.
Figure 3: Photograph of
one of the four multi-
wire proportional cham-
bers (MWPCs).
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Figure 4: Structure of the MWPC. Figure 5: The circuit of high-voltage switching
module and its simulation result.
µ-e conversion is coherent neutrino-less conversion of a muon into an electron in the nu-
clear field µN→ eN. It is one of charged lepton flavor violating (cLFV) processes, which are
forbidden in the Standard Model (SM). Some theoretical models beyond the SM however
predict observable branching fractions. An observation of cLFVs means the existence of new
physics. The energy of signal electron is approximately 105 MeV, which the mass of muon is
converted to.
In the DeeMe experiment, a combined production and stopping target will be used to pro-
duce muonic atoms, and that electrons and other particles are transported to a spectrometer.
The momenta of charged particles are measured by it, which consists of a magnet and four
multi-wire proportional chambers (MWPCs). One of the four MWPCs is shown in Fig. 3.
2 Development of the Detectors
In the experiment, approximately 70 GHz/mm2 or 2× 108 charged particles/pulse of prompt
burst will hit the MWPCs between signal read-out periods. To avoid the space charge effect,
we developed fast high-voltage-switching MWPCs in order to control the gas gain dynamically.
2.1 Devices
Figure 4 shows the structure of the MWPC. The MWPC is used with cathode readout. It has
anode wires and potential wires stretched alternately. A DC high voltage is applied to the
anode wires. To the potential wires, 0 V is applied in a time window of a few microseconds
in which we search for a signal of the µ-e conversion, or a voltage as high as the voltage on
the anode wires is applied to reduce the gas gain to the order of 1 [1].
We put a high voltage switching module between HV supply and the potential wires.
Figure 5 shows the circuit of the module and its simulation result. It has two MOSFETs for
outputting high voltage or 0 V.
2.2 Current Status
For the gas mixture of argon (35%) ethane (65%) and applying 1630 V to the MWPC, a
waveform obtained is shown in Fig. 6. In the period around −1(+9) µs the voltage on the
potential wires is decreasing (increasing), resulting in negative (positive) saturation on the
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Figure 6: Output waveform of a cath-
ode strip signal amplified through an
amplifier.
Figure 7: Setup (left) and hit efficiency of the sec-
ond MWPC from the upstream (right) in the ex-
periment at the J-PARC MLF D2 Area.
cathode strip readout. In between, the voltage on the potential wires is 0 V, and the detector
works with a gas gain of approximately 4.5 × 104, but there is an oscillation. The form of
noise is however constant so that we can find a signal by subtracting the noise waveform.
In this operation, we conducted experiments at the J-PARC MLF D2 Area in March
(three days) and June (five days), 2017 (see Fig. 7). The purpose is to measure momenta
of electrons from muon Decay in Orbit µ− → e−νµνe (DIO), one of the main background in
the DeeMe experiment, about 50 MeV/c. The hit efficiencies of x-axis (horizontal direction)
readout of the MWPCs are analyzed to be ' 90% (WC0 and WC1 with 0.75 mm wire spacing
and 1630 V applied) and ' 60% (WC2 and WC3 with 0.7 mm and 1600 V applied). Figure
7 (right) illustrates the efficiency of the second MWPC as a function of time. It fluctuates in
time as the shape of output waveform oscillates.
To avoid loss of efficiency from negative saturation, we tried two things: (1) changing the
filling gas and applying lower voltage and (2) increasing the dynamic range of the readout
amplifiers.
2.2.1 Gas Mixture Study
It is simulated that we can lower the voltage to 1510 V if we change the gas mixture into
argon (80%) isobutane (20%) for the MWPC with a wire spacing of 0.75 mm.
The stability of the MWPC depends on the tolerance to discharge between two kinds of
wires. To check it, two wires were put in a small chamber and we investigated what voltage
discharge occurs at [2]. It was found to be at ' 1950 V. That means we have ' 400 V margin
for discharge when we choose the applied voltage 1510 V.
2.2.2 Amplifier Improvement
Radeka-type two-stage amplifier is adopted at present. One stage consists of a common base
and two emitter followers, and the amplifier has two stages [3]. By changing the values of
resistors of the second stage, we increased negative range of the amplifier from ' 120 mV to
' 280 mV.
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Figure 8: Setup (left) and hit efficiency of the
MWPC (right) obtained from the test at Institute
for Integrated Radiation and Nuclear Science, Ky-
oto University.
Figure 9: Waveform obtained
when electron beams with the in-
tensity equivalent to the prompt
burst hit the MWPC.
3 Results of the Latest Beam Test
We performed a beam test in February, 2018 at Institute for Integrated Radiation and Nuclear
Science, Kyoto University. For single electron, hit efficiency was measured to be about 98%
at 300 ns after the MWPC starting to work (see Fig. 8). But we observed random spikes in
waveform when beams with the intensity equivalent to the prompt burst hit the MWPC as
shown in Fig. 9. Electrons emitted from the cathode planes by ions might be a cause of these
pulses. We have a plan to mix freon with the filling gas to absorb the electrons between the
cathode and anode planes.
4 Conclusion
The DeeMe experiment aims to search for µ-e conversion with a single event sensitivity of
1 × 10−13 for a graphite target down to 2 × 10−14 for a silicon carbide target. The signal is
an electron with a monochromatic energy of 105 MeV, and we will search for it by using a
magnetic spectrometer, which consists of a magnet and four MWPCs.
By optimizing the gas mixture filling the MWPCs and increasing the negative range of the
readout amplifiers, hit-efficiency has been improved for single electrons. To absorb random-
spike signals observed when the prompt burst hit the MWPC, the gas needs to be optimized
a little more. We have a plan to mix freon with the filling gas.
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